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(57) A gas turbine engine airfoil (10) is manufac- 
tured by forming an internal retention seat in two com- 
plementary airfoil parts (26, 28). An insert is fabricated 
for retention in the seat. The two parts (26, 28) are as- 
sembled with the insert disposed in the seat therebe- 
tween. The parts are then bonded together to trap the 
Insert therein to collectively define the airfoil (10), The 
insert and seat may be precisely fabricated for improv- 
ing the efficiency of the airfoil. 
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Description 



[0001] The present invention relates generally to gas 
turbine engines, and. more specifically, to cooling there- 
of. 

[0002] In a typical gas turbine engine, air is pressu- 
rized In a multistage axial compressor, mixed with fuel 
in a combustor and ignited for generating hot combus- 
tion gases which flow downstream through several tur- 
bine stages which extract energy therefrom. The turbine 
stages include airfoils in the form of stator vanes which 
turn and accelerate the combustion gases into rotor 
blades which extract energy therefrom. 
[0003] In a typical high pressure turbine, both the 
vanes and blades are hollow and supplied with a portion 
of pressurized air from the compressor which is used for 
cooling the respective airfoils thereof. Various features 
are provided for maximizing the cooling effectiveness of 
the compressor air, which in turn maximizes the efficien- 
cy of the engine. 

[0004] Typical airfoil cooling features include serpen- 
tine cooling passages for selectively cooling the differ- 
ent portions of the airfoil from its leading edge to its trail- 
ing edge. The passages may include various forms of 
turbulators which enhance forced convection cooling 
The cooling air may be discharged from the airfoils from 
various holes in the pressure or suction sides thereof or 
along the tip or trailing edge thereof. Air discharged 
through the airfoil sidewalls passes through inclined film 
cooling holes which effect a cooling air film over the out- 
side of the airfoil to protect the airfoil against the hot 
combustion gases. 

[0005] The airfoils may include discrete Impingement 
baffles which firstly direct the cooling air in impingement 
against the inner surface of the airfoil for cooling thereof 
with the spent air then being discharged from the airfoil 
through various ones of the discharge holes. Since noz- 
zle vanes are stationary and are mounted between ra- 
dially outer and inner bands, the impingement baffles 
may be assembled therein through either band. 
[0006] In contrast, the turbine rotor blades are fixedly 
mounted at their radially inner ends by dovetails to the 
outer perimeter of rotor disk. Impingement inserts there- 
for may therefore be inserted therein typically only from 
the radially outer tip end thereof. Since rotor blades typ- 
ically have varying twist, camber, and taper from root to 
tip. the ability to assemble impingement baffles therein 
is correspondingly limited. 

[0007] Since turbine airfoils are subject to the hot 
combustion gases, they are typically made of advanced 
superalloy materials having high temperature, high 
strength capability for maximizing engine performance. 
To create the various internal cooling features in these 
atrfoils a casting process is typically used. Casting, how- 
ever, is limited in its ability to precisely form the internal 
cooling features, which therefore limits the efficiency 
thereof. And, the impingement baffles must still be sep- 
arately manufactured and suitably installed in the indi- 



vidual airfoils. 

[0008] The baffles must also be secured therein 
which is typically accomplished at solely one end thereof 
for permitting unrestrained differential thermal expan- 
5 sion and contraction movement between the baffle and 
the airfoil under the varying temperature environment of 
the engine. Since the rotor blades are subject to consid- 
erable centrifugal force during operation, baffles there- 
for must be adequately secured for withstanding the 
10 high G-forces therefrom. 

[0009] Accordingly, it is desired to further improve the 
internal cooling features of a gas turbine engine airfoil 
such as stator vanes and rotor blades for further increas- 
ing cooling effectiveness, along with additional benefits 
^5 [0010] According to the Invention, a gas turbine en- 
gine airfoil is manufactured by forming an internal reten- 
tion seat in two complementary airfoil parts. An insert is 
fabncated for retention in the seat. The two parts are 
assembled with the insert disposed In the seat therebe- 
^0 tween. The parts are then bonded together to trap the 
insert therein to collectively define the airfoil. The insert 
and seat may be precisely fabricated for improving the 
efficiency of the airfoil. 

[0011] The invention will now be described in greater 
^5 detail, by way of example, with reference to the draw- 
ings, in which:- 

[0012] Figure 1 is an isometric, partly cut-away view 
of a gas turbine engine airfoil In accordance with an ex- 
emplary embodiment of the present invention 
30 [0013] Figure 2 is an enlarged, partly sectional axial 
view of a tip portion of the airfoil illustrated in Figure 1 
having an impingement baffle, vibration damper, and tip 
cap in accordance with preferred embodiments of the 
present invention. 
35 [0014] Figure 3 is a radial sectional view through the 
airfoil Illustrated in Figure 1 and taken along line 3-3. 
[0015] Figure 4 is a schematic representation of a 
method of manufacturing the airfoil illustrated in Figures 
1 -3 in accordance with an exemplary embodiment of the 
^0 present invention, 

[0016] Figure 5 Is an elevational. partly sectional view 
of an impingement baffle for the airfoil of Figure 1 in ac- 
cordance with another embodiment of the present in- 
vention. 

[0017] Figure 6 is an enlarged, transverse sectional 
view through the airfoil tip Illustrated In Figure 1 and tak- 
en along line 6-6. 

[0018] Illustrated in Figure 1 is a gas turbine engine 
airfoil 10 In the exemplary form of turbine rotor blade 
The airfoil is hollow and includes a generally convex 
suction side 12. and generally concave pressure side 
14 joined together along axially spaced apart leading 
and trailing edges 16.18, and extending radially from a 
root to tip over which hot combustion gases are flowable 
^5 during operation, 

[0019] The airfoil also includes a blade platform 20 
which defines the radially Inner flowpath boundary for 
the combustion gases, and an integral dovetail 22 ex- 
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tends therebebw for mounting the blade to the perime- 
ter of a rotor disk (not shown) in a conventional manner 
[0020] In an alternate embodiment, the airfoil may be 
configured as a turbine stator vane extending radially 
between outer and inner bands which define corre- 
sponding flowpath boundaries for the combustion gas. 
In both embodiments, the airfoil is hollow for channeling 
therethrough cooling air 24 bled from a compressor of 
the engine (not shown). But for the method of manufac- 
turing the airfoil in either blade or vane form, and the 
corresponding improvements in internal features there- 
of, the airfoil may otherwise be conventional in configu- 
ration and function for use in a gas turbine engine. 
[0021] The present invention improves the ability to 
manufacture internal airfoil cooling features therein for 
improving cooling efficiency, strength, and other bene- 
fits which may also be provided in any other hollow tur- 
bine component to advantage. 

[0022] Improvements to the internal features of the 
airfoil 10 are possible in accordance with the present 
invention by initially making the airfoil in two comple- 
mentary airfoil halves or parts 26,28 having respective 
mating surfaces 30 (shown in phantom) which are suit- 
ably bonded together to form an integral bond joint. The 
initial parts 26,28 are discrete members which may be 
Initially separately manufactured with precision internal 
features not possible when a unitary airfoil is cast in a 
conventional manner. The internal features of the airfoil 
may include all various forms of internal cooling features 
and partitions of the airfoil, including in particular one or 
more Internal retention seats formed in corresponding 
portions of the airfoil sides for supporting corresponding 
inserts which would not be physically possible in a uni- 
tary, cast airfoil in conventional practice. 
[0023] For example, a first type of seat 32 is specifi- 
cally configured for retaining a first type of insert in the 
form of an impingement baffle 34. A second type of re- 
tention seat 36 is specifically configured for retaining a 
corresponding second type of insert in the form of a 
damper 38. And, a third type of retention seat 40 is spe- 
cifically configured for retaining a corresponding third 
type of insert in the form of tip cap 42. 
[0024] The three types of internal retention seats 
32,36,38 and the corresponding inserts 34,38,42 re- 
tained therein are illustrated in more detail in Figures 2 
and 3, and a flowchart representation of an improved 
method ot making a bifurcated airfoil is illustrated in Fig- 
ure 4. By initially forming the airfoil in the two parts 
26,28, direct access to the insides thereof permits all the 
internal features thereof to be precisely formed by cast- 
ing and subsequent machining for example. The various 
inserts are also separately fabricated in any suitable 
manner for also enjoying precise tolerances. And, the 
specific configurations of the various inserts may be se- 
lected without concern for assembly since the two parts 
are readily assembled together with the corresponding 
inserts therebetween in their respective seats. The spe- 
cific configuration of the inserts and their retention seats 



is no longer limited by the requirement to insert the in- 
serts through an open radially outer or inner end of the 
airfoil in accordance with conventional practice. 
[0025] The airfoil parts 26,28, and corresponding In- 

5 serfs, may be readily assembled together at the mating 
surfaces 30 for being suitably bonded together such as 
by diffusion bonding. Diffusion bonding is a conventional 
process in the form of solid state brazing or welding 
which integrally joins together the two parts at the mat- 

10 ing surfaces 30 resulting in a unitary airfoil when com- 
plete having suitable high temperature and high 
strength capability for use in gas turbine engines. The 
specifically configured internal retention seats physical- 
ly trap the corresponding inserts therein, and, if desired, 

IS one or more of the inserts may additionally be diffusion 
bonded in their respective seats as desired. 
[0026] Referring again to Figure 1 , one or more radial 
passages or channels 44 are formed in the correspond- 
ing airfoil parts for channeling the cooling air 24 there- 

20 through when assembled together in the finished airfoil. 
The various retention seats are preferably formed to 
bridge the passage in the axial or chordal direction. The 
corresponding inserts may then be assembled in their 
respective seats inside the passages for being trapped 

2S therein upon assembly of the two airfoil parts together 
[0027] As shown in more detail in Figure 2, the re- 
spective seats 32,36,40 are specifically configured to 
complement the respective inserts 34,38,42 and physi-. 
cally or mechanically trap the inserts radially in the as- 

30 sembled airfoil. 

[0028] Furthermore, the respective passages 44 are 
sized radially longer than the corresponding inserts, and 
the inserts are sized radially longer than their respective 
seats. In this way, the inserts are trapped in their respec- 
ts tive seats and are unrestrained in the passages to ther- 
mally expand and contract radially from their seats for 
accommodating differential thermal expansion and con- 
traction between the inserts and the airfoil itself during 
operation. Differential thermal expansion and contrac- 

40 tion is a significant concern in gas turbine engines which 
must be suitably accommodated for reducing thermal 
stress and enjoying a suitable useful life. Furthermore, 
for the airfoil 10 in the exemplary form of a rotor blade, 
centrifugal forces generated during rotation of the blade 

45 during operation create substantial bads and corre- 
sponding stresses In the blade components which re- 
quire suitable retention of the respective inserts without 
unacceptably large stress which would limit blade life. 
[0029] For example, impingement baffles are quite ef- 

so fective in cooling the inside of turbine vanes or blades. 
In a blade, however, their efficiency is limited by their 
configuration and retention in the blade due in most part 
to the restrictions in assembling the baffle inside the 
blade and securing it therein. A conventional baffle is 

ss typically a one piece component secured al ils radially 
inner end in the blade for allowing unrestrained differ- 
ential thermal expansion and contraction with the airfoil, 
and for carrying the centrifugal loads to the root of the 
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airfoil. 



[0030] Since the airfoil is manufactured in the two 
parts 26.28. the impingement baffle 34 may have an im- 
proved configuration including a hollow retention hub 46 
shown in Figure 2 configured for being trapped in the 
corresponding first seat 32 and receives the cooling air 
24 therethrough. The baffle also includes an integral 
perforate tube 48 extending radially or longitudinally 
from Its hub 42 for distributing the cooling air in impinge- 
ment agarnst the inside surface of the two airfoil parts 
26,28. ^ 

[0031] The baffle hub 46 is larger in diameter than the 
baffle tube 48 to trap the hub in its seat 32, and space 
the tube away from the inner surface of the airtoil parts 
for impingement cooling thereof. The hub 46 may be cy- 
lindrical in configuration, with the first seat 32 being in 
the form of a complementary annular slot or groove de- 
fined between a pair of radially spaced apart flanges to 
trap the hub 46 in all directions. As shown In Figure 3 
the flanges of the first seal 32 may be locally formed 
inside both airfoil parts 26,28 and in the partitions defin- 
ing the radial passage 44 over a sufficient circumferen- 
tial extent for trapping the hub 46. 
[0032] The hub 46 may be imperforate, at least where 
It IS trapped in the seat flanges, or could otherwise be 
perforate for effecting impingement cooling at corre- 
sponding locations of the airfoil. As shown in Figure 3 
the hub 46 may be interrupted around its perimeter by 
one or more radial indentations or slots 50 which in- 
crease the flexibility of the hub 46 around its circumfer- 
ence for accommodating differential thermal expansion 
and contraction around the hub within its seat. 
[0033] Since the baffle hub 46 provides a substantial 
retention feature, the baffle itself may be made extreme- 
ly thin, down to about 0.127 mm for example, which is 
substantially thinner than a conventional impingement 
baffle. The reduced thickness correspondingly reduces 
centrifugal loads in the rotor blade configuration and 
therefore reduces centrifugal stress in the blade' The 
impingement baffle may also now be formed of a soft 
material like a nickel alloy. A nickel alloy impingement 
baffle may be precision manufactured using convention- 
al electroforming. 

[0034] In the preferred embodiment illustrated in Fig- 
ures 1 and 2, a plurality of the first seats 32 are formed 
in the two parts and are radially spaced apart from each 
other. A plurality of the impingement baffles 34 are sep- 
arately fabricated and assembled into corresponding 
ones of the seats 32 in radial alignment together. 
[003S] In one embodiment, the individual baffles 34 
may be discrete members, and are nested together for 
unrestrained differential radial thermal movement ther- 
ebetween. The individual baffles 34 are suitably stacked 
end-to-end in flow communication In the corresponding 
precision machined radial passage 44, with each baffle 
being separately retained in its respective seat 32 In 
this way. the centrifugal loads from each of the baffles 
IS separately carried by the corresponding hubs 46 into 



the corresponding seats 32 for distributing the centrifu- 
gal loads and reducing load concentration. Further- 
more, each baffle is unrestrained to freely expand and 
contract radially from its corresponding hub 46 which 
5 decouples such thermal movement in the baffles Since 
each baffle Is relatively short, the relative radial thermal 
^e6uce6^ contraction thereof is correspondingly 

[0036] Each baffle may be simply mechanically 
trapped in its corresponding seat 32 around the hub 46 
or the hub may be bonded in the seat 32 during the 
bonding process or othenvise welded or brazed therein 
as desired Since the hub 46 is formed of thin metal and 
has a larger diameter than the corresponding tube 48 
the hub acts like a portion of a flexible bellows which 
additionally accommodates any differential thermal ex- 
pansion and contraction between the hub 46 and its seat 
32. 

[0037] Figure 5 illustrates an alternate form of the Im- 
pingement baffle, designated 52, wherein a plurality of 
the individual impingement baffles are Integrally formed 
together In a unitary member defining a bellows for elas- 
tically accommodating differential thermal movement 
between the corresponding hubs 46 thereof. The one- 
piece baffle 52 may also be formed of relatively thin met- 
al for reducing centrifugal loads therefrom, and improv- 
ing the radial flexibility of the bellows. The one-piece 
baffle IS preferred over the multiple segment baffle dis- 
ctosed above for maintaining flow channeling continuity 
30 from hub to hub. 

[0038] The bellows is trapped In the airfoil at respec- 
tive ones of the hubs 46, and differential thermal expan- 
sion and contraction between the hubs is accommodat- 
ed by elastic deflection thereof. The multiple hubs 46 
35 distribute Ihe centrifugal loads into the aiffoil seats 32 
and securely trap the baffle over its entire length in the 
airfoil instead of. at simply one location thereof In this 
embodiment, the radial slots 50 in the several hubs 46 
may be aligned together for also increasing the axial or 
40 longitudinal flexibility of the unitary impingement baffle 
52. 

[0039] The cooling air 24 channeled through the im- 
pingement baffle as illustrated in Figure 2 is discharged 
from the baffle through the apertures in the tube 48 in 
impingement against the internal surfaces of the pres- 
sure and suction sides of the airfoil, as well as the Inter- 
nal surfaces of the radial partitions therein. The spent 
impingement air may then be discharged from the airfoil 
through various discharge holes such as conventional 
film cooling holes 54 disposed in flow communication 
therewith in a conventional manner. 
[0040] As indicated above, the ability to form the airfoil 
initially in two parts allows the ability to precision ma- 
chine the various intemal features therein such as the 
« radial cooling air passages 44 and the correspondinq 
baffle seats 32 therein. The baffles 34,52 may be sep- 
arately precision manufactured and then assembled in- 
to their respective seats 32 for being trapped between 
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the two parts when they are bonded together to form the 
resulting, unitary airfoil 10. In this way. the impingement 
baffle may be otherwise optimized in configuration as 
desired for individual vane or blade applications formed 
in two parts in accordance with the present Invention. 
Both the cooling effectiveness of the impingement baffle 
may be optimized, and its strength under centrifugal and 
thermal loads in the airfoil may be maximized. 
[0041] Corresponding improvements in blade damp- 
ing may also be effected in accordance with the im- 
proved method of manufacture of the present Invention. 
Typical blade dampers are located at the root or platform 
of the blade and have limited effectiveness since vibra- 
tory displacement typically increases toward the tip of 
the blade. As initially shown in Figure 1 . the insert in the 
form of the damper 38 may be loosely trapped in its seat 
36 near the radially outer end of the airfoil for permitting 
limited vibratory movement therebetween tor frictional 
or coulomb damping vibration of the airfoil during oper- 
ation. 

[0042] The damper 38 may take various configura- 
tions, and in the exemplary embodiment illustrated in 
more detail in Figures 2 and 3. the damper 38 is in the 
form of two radially spaced apart disks integrally joined 
together by a center shaft. The corresponding damper 
seat 36 is In the form of an axially or chordatly extending 
flat plate integrally bridging adjacent radial partitions 
and the suction and pressure sidewaits of the airfoil. A 
hole is formed through the damper seat 36 for receiving 
the center shaft of the damper, with the two disks of the 
damper radially straddling the seat. In this way. the 
damper 38 is effectively trapped and loosely attached 
to the seat 36 and may itself locally vibrate relative to 
the seat to effect friction damping of the airfoil. 
[0043] This type of airfoil damper may have the ability 
to dampen airfoil vibratory stripe modes. Current stripe 
modes are not effectively dampened by conventional 
platform dampers which require other modifications in 
blade design for avoiding vibratory stripe modes. Avoid- 
ing the vibratory stripe modes also restricts the aerody- 
namic design of the blade Itself. By Introducing an effec- 
tive airfoil damperto dampen the vibratory stripe modes, 
additional flexibility in aerodynamic design of the blade 
may be used to advantage. 

[0044] In a typical turbine blade, it is desirable to lo- 
cally cool the radially outer tip region thereof. Impinge- 
ment cooling requires an aperture aligned with a corre- 
sponding portion of the blade lip for impinging therea- 
gainst the cooling air provided from inside the airfoil. 
However, the ability to optimize impingement cooling of 
blade tips Is limited by the ability to form or drill inclined 
holes near the tip without locally damaging the tip itself. 
[0045] The improved manufacturing method of the 
present Invention allows Improvements to blade tip cool- 
ing by Introducing the separately manufactured tip cap 
42, initially illustrated in Figure 1 , which is trapped at the 
radially outer tip end of the airfoil, and includes inclined 
holes 56 formed or drilled therein for impingement cool- 



ing respective ones of the two airfoil parts 26.28 at the 
outer ends thereof. As shown more clearly In Figures 2 
and 6. the tip cap 42 Is suitably recessed radially inward- 
ly below the radially outer ends of the suction and pres- 

s sure sides 1 2.14 which effectively hides the inclined tip 
holes 56 therebelow for locally impingement cooling the 
Inner surfaces of the airfoil sides at the tips thereof. 
[0046] As shown in Figure 6. it is impossible to drill 
the inclined, hidden tip holes 56 in the tip cap when it is 

10 installed in the airfoil. However, since the lip cap 42 may 
be separately manufactured, the inclined tip holes 56 
are readily formed therein without damaging the airfoil. 
The tip cap 42 may therefore have any suitable config- 
uration optimized for cooling the airfoil tip with various 

IS inaccessible tip cooling holes being formed therein, not 
otherwise possible. The tip cap 42 may then be assem- 
bled between the two airfoil parts 26,28 for being 
trapped therein upon bonding. 

[0047] The tip seat 40 may have any suitable config- 

20 uratlon such as a pair of radially spaced apart ridges 
formed In the inner surfaces of the airfoil parts having a 
groove therebetween which receives a corresponding 
end flanges of the tip cap 42 which is trapped therein. 
This tongue-in-groove retention configuration mechan- 

2S ically supports the tip cap 42 In the airfoil for reacting 
the centrifugal loads therefrom during operation. If de- 
sired, the tip cap 42 may be bonded to the seat 40 during 
the diffusion bonding process or separately brazed or 
welded as desired. 

30 [0048] The various Inserts described above Illustrate 
examples of precision machined components varying in 
degree of complexity which may now be introduced in 
gas turbine engine airfoils such as stator vanes and rotor 
blades. The corresponding retention seats for these in- 

3S sorts may be precision machined in the separate airfoil 
parts prior to assembly which results in a substantially 
improved turbine airfoil. The various inserts may be 
used individually or collectively for improving impinge- 
ment cooling of the airfoil either inside abng the radial 

40 passages thereof or at its tip. And vibratory damping 
may also be Improved. In an alternate embodiment, the 
impingement baffles themselves may be loosely 
trapped in their respective seats for additionally provid- 
ing vibratory damping without the need for a separate 

4S damper 38. And, since the various inserts are primarily 
mechanically trapped in their respective seats, they may 
now be formed of any suitable material other than that 
of the parent material of the airfoil itself for providing ad- 
ditional advantages. 

so 

Claims 

1. A method of making a gas turbine engine airfoil 
55 comprising: 

forming an internal retention seat in two com- 
plementary airfoil parts; 
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2. 



3. 



fabricating an insert configured for retention in 
said seat; 

assembling together said two parts, with said 
insert therebetween in said seat; and 

bonding together said two parts to trap said in- 
sert therein, and collectively define said airfoil. 

A method according to claim 1 further comprising: 

fomiing a radial passage in said airfoil parts for 
channeling a cooling fluid therethrough; 

forming said seat to bridge said passage; and 

assembling said insert in said seat inside said 
passage. 

A method according to claim 2 further comprising 
forming said seat to complement said insert and 
trap said insert radially. 

A method according to claim 3 wherein: 

said passage is sized radially longer than said 
insert; 



9. 



10 



IS 



20 



2S 



defining a bellows for e-^stically accommodating 
drfferential thermal move nt therebetween . 

A method according to claim 4 wherein said insert 
IS configured as a damper loosely trapped in said 
seat for permitting limited vibratory movement ther- 
ebetween for f rictional damping vibration of said air- 
foil. 



10. A method according to claim 4 wherein said insert 
IS configured as a tip cap trapped at a radially outer 
end of said airfoil, and having inclined holes formed 
therein for impingement cooling respective ones of 
said two airfoil parts at said outer end thereof. 

11. An impingement baffle for channeling cooling fluid 
between two airfoil parts assembled therearound 
and bonded together comprising: 

a hollow retention hub configured for being 
trapped between said parts; and 

a perforate tube extending from said hub for 
distnbuting said fluid in impingement inside 
said airfoil parts. 



6. 



8. 



said Insert is sized radially longer than said 
seat; and 

said insert Is unrestrained in said passage to 
thermally expand and contract from said seat. 

A method according to claim 4 wherein said insert 
IS configured as an impingement baffle having a hol- 
low retention hub trapped in said seat for receiving 
said cooling fluid, and a perforate tube extending 
therefrom for distributing said fluid in impingement 
inside said airfoil parts. 

A method according to claim 5 further comprising: 

forming a plurality of said seats radially spaced 
apart from each other; 

fabricating a plurality of said baffles; and 

assembling said baffles in corresponding ones 
of said seats in radial alignment. 

A method according to claim 6 wherein said baffles 
are discrete members, and nested together for un- 
restrained differential thermal movement therebe- 
tween, 

A method according to claim 6 wherein said baffles 
are integrally formed together in a unitary member 



30 



35 



40 



45 



SO 



SS 



12. A baffle according to claim 11 wherein: 

said two airfoil parts collectively define a hollow 
airfoil having a radial passage for channeling 
said cooling fluid, and include a retention seat 
for trapping said baffle hub; and 

said baffle hub is larger in diameter than said 
baffle tube to trap said hub in said seat, and 
space said tube from said airfoil parts for Im- 
pingement cooling thereof. 

13. A baffle according to claim 12 wherein: 

said airfoil includes a plurality of said seats ra- 
dially spaced apart from each other; and 

said baffle further comprises a plurality of said 
baffle hubs for being disposed in respective 
ones of said seats in radial alignment. 

14. A baffle according to claim 13 wherein said baffle 
hubs are discrete members with corresponding in- 
tegral tubes extending therefrom nested together 
for unrestrained differential thermal movement ther- 
ebetween. 

15. A baffle according to claim 13 wherein said baffle 
hubs and tubes are integrally joined together In a 
unitary member defining a bellows for elastically ac- 
commodating differential themial movement there- 
between. 
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FIG. 1 
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